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FATTONAL. ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANTUM

EIGH-SPEED AERODYNAMIC CHARACTERISTICS OF A MODEL
TATT, PLANE WITH MODIFIED RACA 65-010 SECTIORS
AND 0° ARD 45° SWEEPRACK

By Joseph L. Anderson and Andrew Martin

SUMMARY

Wind—tunnel tests have been made to determine the aerodynamic
characteristice of a model tall plane having modified NACA 65-010
sections and & tepered plan form. Resulte were obtainsd with the
model tall plane umewept (flap hinge line perpendicular to air flow)
and swept back (flap hinge llne swept back 45° to air flow).

The data show the 1ift, drag, pliching-moment, and hinge—

moment coefficient veriation with angle of attack and flap dsflection

at various Mach numbers. Results are presented for Mach numbers
fram 0.40 to 0.875, with flep deflections fram -5° to 15° at low
Mach numbers and from —6° to 8° at the higher Mach numbers.

The Mach number of 11ft divergence for the unawept tail was
found to be 0.80, while the Mach number of divergence for the swept
tail was sbove 0.875. At a Mach number of 0.40, the wmswept tall
stg.J_'Led. at 12° angle of attack, but the swept tall did not stall at
20°.

If the wmswept tall of an slrplane were replaced with a swept
tall (both tails similar to those tested) and the tall area were
increased sufficiently to malntaln equal static longltudinal
stability at low speed, calculastlions based on the test results
indicate that below a Mach number of 0.80, the swept tall would
have greater drag but would require the same elevator stick force.
Above 0,80 Mach number the tall drag and the elevator stick forces
would both be conelderably less for the alrplene wlth the swept
tail than for the alrplane with the umswept tall.



2 NACA ™ No. ATJ22

. INTRODUCTION

Recently, during recovery of an airplane from & high—speed
dive, an unanticipated abrupt pitch—-up and a large posltive
acceleration were encountered. (See reference 1.) In order to
dotermine if the tall characteristics of this airplane were affected
by Mech mumber, tests were made in the Ames 1l6—foot high—speed wind
tunnel of a semispan model of the horlzontal tail plane of the
alrplane. The movable surface of the model tail plane 1s referred
to In thile report as a flap, for the results are applicable to
other control surfaces. The aerodynamic characteristlcs of this
model tall plane were measured with the f£flap hinge line unswept
and swept back 45°,

SYMBOLS

The coefflclents and the symbols used in this report are defined
ag followa:

CL 1ift coefficient (L/qS)
Cp drag coefficient (D/gS)
Cm pitching-moment coefficlent about one—quarter
M.A.C. (Mi/g8 M.A.C.)
Che flap hinge-moment coefficlent (H/qSp-be)
M Mach number (V/a)
R Reynolds mumber (pV M.A.C./M)
A agpect ratio <2h3>
8
¥ stick force 2 Cnp g bf EEZS pounds
stlick length X —B
ade
where
L 1lift of semispan model, pounds
D drag of semispen model, pounds
Mt pitching moment about the one—quarter M.A.C. of

semlspan model, foot—pounds
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H.

cf
ct
M.A.C.

be

85

and

R

hinge moment about £lap hinge line of semispan modsl,
foot—pounds

dynamic pressure (épva), pounds per square foot

area of semispan model, square feet

gemigpan of model, feet

chord of tail plane perpendiculsr to the hinge line, feet
chord of flap perpendicular to the flap hinge line, feet
chord of tab perpendicular to the flap hinge line, feet
mean aerodynamic chord, feet

flap span of semlspan model parsllel +to the hinge line, feet
tab span parallel to the hinge line, feet

root-mean-aquare chord of flap perpendicular to the hings
line, feet

mags density of air in the free stream, slugs per cubic
foot

velocity of the free alr stream, feet per secomd
speed of sound In the free air stresam, feet per second

vigcoasity of slr In the free stream, pound—seconds per
square foot .

engle of attack of model, degrees

Plep deflectlon relative to alrfoll, positive when the
trailing edge 1s deflécted downward, dsgrees

tab deflectlon reletive to flsp, positive when tralling
edge is deflected downward, degrees

control-stick deflection, degrees
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0la = <%>5f', M

o - @

o, M

~

« - (%)
e = G%t Be, M
Onee = C%)G, M

ACDy; increment of drag cocefficient

Note: The subscripts outside the parenthesis indicate the Pactors
beld constant in determining the parameters,

TESCRIPTION OF NOTEL AND APPARATUS

The test model was half of the horizontal tall plane from a
1/3—Bcale model of a fighter alrplane. The dimensions of the tall
are pregented in table I. This tall plane has a flat-esided flap
having a ohord equal to 25 percent of the tall—planse chord and a
tab having a chord equal to approximately 25 percent of the flap
chord., The ooordinstes of the airfoll sectlion are shown in tabls II.
The flap was restrained by a cantlilever beam to which were glued
resiptance—~type strain gages for the measurement of the flap hinge
maoments,

To separate the tumel-wsll boundary layer from the model and
thereby eliminate the effect of this boundary layer on the teat
results, a reflection plate was mounted 6§ inches from the tummel
wall, The tail, supported by the balance frame, had its plane of
symetry at the reflection plate. A falring covered the model-—
supporting struoture between the plate and the tummel wall, A
baffls was inatalled on the model near the reflection plate to
direct the leakage flow away fram the model. (Bee fig. 1.)

Figure 2 ahows the unswept tall plane mounted In the wind tunnel.
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RESULAS AND DISCUSSIOR

The tumnel-wall effects were comsidered to be negligible, and
the effect of leakage at the reflection plate was unknown; therefors,
no corrsctions were applied to the data.

The Reynolds mumbers for hoth tall pleanes are shown In figure 3.
The inoreased slope of the curves zbove 0.80 Mach number 1s due to
the order of rmmning the tests; data at the higher Masch mumbers were
cbtalned first when the air stream was coolest and consequently the
density higheat,

The aerodynamic characteristics pregented for the umswept
tall plane in figures 4 through 8 and for the swept—back tail plane
in figures 9 through 13. The variation of drag coefficient with -
Mach nmumber for both the unsewept and swept talls l1g presented in
figure 14, Figures 15 through 20 show the 1lift, flap hinge-moment,

and tab hinge-moment parameters.

Mhea acwAdwe £ I o e

g

H

Analysis of Wind-Tunnel Data

Lift.— The change in slope of the 1lift curves flor the unswept
tail in figures 4(a), (b), and (c) at about O° angle of attack for
the flap deflected 10° and 15° was probably the result of a shift of
the transition point on the teil .surface. Witk the flap undefleoted,
the maximum 1ift coefficlent at 0.40 Mach number was 0.Th at 12°
angle of attack. Tufts showed that the tip started to stall at
about 2° angle of attack and the stall progressed inboard with
increase in angle of attack. The stalling of the tip at such a
low angle of attack probably caused the low maximum 1ift cocefficlent.
‘The Mach esmber of 11ft divergence at 0° eangle of attack occurs at
about ©.80.

The 11ft parsmeter ag for the unswept tail at 0° angle of
attack decreased with inocrease in Msch number. (See fig. 17.) The
decrease in ay from 0.40 Mach rumber to ©.80 was due to the
increase in stabilizer effectivemess (Cr,, fig. 15) with no inorease
in flap effectiveness (CIg, fig. 16); above 0.80 the decrease in ag
was the result of a more rapid loss in flap effeoctiveness than
stebllizer effectiveness.

For Mach numbers of 0.40 and 0.60 there was & change in slope

P the lift es for the swept—baock taill at 6° angle of attack.
Bee figs. 9(a) and 3’(-1:). Above this angle of attack the 1lift~

curve slopee lncreased. This change In slope was probably the
result of & shift of the tramsition point on the tail surface
gimilar to that experienced for the unswept tall at 0° angle of



NACA BRM No. ATJ22

attack. The swept—back tall d1d not atall at the maximum test
angle of 20°, 'The Maoh mmber of 1ift divergence at 0° angle of
attack occocurs above 0.875.

The variation in the lift parameter af (fig. 17) with Mach
number throughout the teat Mach mumber rangs was small for the
swept tail In camparison to that for the wnewept. The small
decrease In apy above 0.75 Mach number was the result of the
Inorease in swept—tail stabilizer effectiveness (CLg) while the
flap effectiveness (Crs) did not change si@iﬁca.ntly at Mach
numbers above 0.75. (Bee figs. 15 and 16.)

%.— The drag coefficients presented in figures 6 and 11
cannot be considered absolute, since the effects of the baffle
plate and the end leaskage are unknown; however, the relative values
should be largely independent of these effects. The interference
effects and the poor accuraqy in obtaining the drag data probably
nullified the low-drag renge of these alrfolls., There wes a
pronounced increase of the drag coefficient of the wmsewept tall
plane above the Mach mumber of drag divergence due to the ahock
on the surface. (Bee fig. 14,) FYor the swept—back tail plane,
there was no increase In drag coefficient with Increase 1n Mach
number to 0.875. Deflection of the flap inocreases the drag
coefficient of the unswept tall plane markedly, while the drag
coeffioient of the swopt tall Inoreases omly slightly.

Pitohin moment .~ Figure 7 shows that the change in slope
(3Cm/30L,) The pitching-moment curves with 1ift coefficient was
greater at 0 40 Mach number than at the higher Mach numbers, The
change in the slope and the soatter of the data were probably
cagsed by the Inability of the pltching-moment balance to acou—
rately measure the small moments on the model at this low speed.

Flep hinge moment.— Figure 8 shows that the slope of the flap
hinge-moment curves for the unswept taill increased at about 8° angle
of attack for Mach numbers below 0,80, This i1s the angle of attack
at which the tall plane atarted to stall, The unstable varlation
of flap hinge-moment cgefflcient with angle of attack at 0.875 Mach
number is the result of the flap operating in separated flow. The
change in varlation of chfm and chfsf with Mach number, above

0.80, was dus to the flap operating In the separated region produced
by shock on the tall plans. (See figs. 18 and 19.)

As shown in figures 18 and 19, the flap hinge-moment parameters
(chfa. and chﬁbf) for the swept tall remained about constant through

the Mach number range.
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Tab effectiveness.— In the determination of tab effectlvensess,
the tab was deflected only negatively. The varistion of tsb
effectiveness (OChe/d8t) with Mach mumber is shown in figure 20,

There was a rapid loss in tab effectiveness for the unswept taill
above 0 .80 Mach number. Below 0.80 Mach number, a flap deflection
of +5° or -5  changed the teb effectliveness approximately =0.0015
Tfor the umswept tail., The tab effectivenessa for the awept Htail was
ebout constent with increase in Mach mmber and changed slightly
with £lap deflectlion.

Effeoct of Sweepback of the Horizontal Tall
Plsne on the Characteristica of am Alrplsane

From the wind—tumnel results, & direct comparison is not
possible betwsen the characteristics of the swept tall and that of
the wmswept. In order to 1llustrate the effect of sweepback of the
tail on the characteristice of an airplane, two hypothetlcal air—
planes, one having an umawept horizontal tall, and the other having
a swept—-back horizontel tall, were smssumsd. Using the wind-tumnel
data presented 1n this report, supplemented with other wind—tunnel
dete® the tail size waa chosem for each slrplesne so that at 0.60
Mach number the static longitudinal stebility (dCp/0CL) would be
equal for each alrplane as well ag the pltching-moment coefficlents
at zero lift. The followlng table glves the major d&imensions for
these two alrplane which are idemtical except for the horizomtal
talls:

Unswept Swept—back
tail k50 a1l
Wing area, square feet 237.00 237.00
Wing span, feet 39.00 39.00
Horizontal—tall gpan, feet 15.58 13.30
Horizontal~tail area, square feet k3.56 76.59
Horizontal—-tall Incidence, degrees 1.5 1.5
Taill length, from 25-percent point of the
wing mean serodynamic chord to the
elevator hinge line at the tall rootb,
feet 1647 16.k7

The veristion of the calculkted pitching-moment coefficient with
1ift coefficient for both airplanes is shown In figure 21 for comstant
Mech numbers. Figure 22 shows the variation of the neutral peoint
for both airplanes with the elevator free and fixed through a Mach
number renge of 0.60 to 0.875. For the alrplane wilth the unswept
taill, the calculated neutral point moves aft with Increase in Mach
number to 0.825, above which 1t moves forward so that ite location
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at a ‘Mach number of 0.875 is practically the same as at 0.60 Mach
number. (See fig. 15.) This change in neutral point with Mach
number 1s largely the result of the change In stebllizer effectlive—
nesa, for when the stabllizer effectiveness increases the neutral
point moves aft and vice versa. For the girplane with the swept—
back tail the meutral point moves gradually aft with Mach number,
due to the increase In stabllizer effectiveness. (See fig. 15.)

For a wing loading of 50 pounds per square foot at sea level,
figure 23 shows the calculated elevator stick forces and angles
needed to balance the two hypothetilcal alrplanes in level flight.
For Mach numbers from 0.60 to 0.815 the stick force for the ewept
tall 13 equal Lo or slightly larger than for the unswept tail.
However, above 0.815 Mach mumber, the stick force for the swept
tail is less than for the unswept tall; at 0.875 Mach number,

125 and 600 pounds, respectively, are required.

The drag increment of the horizontel tails is shown in figure 2k
for varlous Mach numbers. The drag of the swept tall 1s about 3.5
times greater than for the unswept tail at 0.60 Mach number, but
this 1s largely due to the greater area for the swept tail. At
0.875 Mach number, the drag of the swept tail is considerably
lower than that for the unswept tall plane.

CORCLUSIORS

The results of the high-spzed wind—tunnel tests of a semlspan
horizontal tall swept und unswept Indicate the following:

1. The Mach number of 1lift divergsace for the unswept tail
was approximately 0.80, while that for the swept—back tall was above

0.875.

2. Above a Mach number of 0.80, and at low angles of attack,
the unswept tail plane showed a decided loss in stabilizer and flap
effectiveness and an increase in flap hinge-moment coefficient;
whereas in camparison the swept—back teil showed little change with

Mach number to 0.875.

3. For the two hypothetical alrplanes assumed In this report,
one having an unswept and the other having a swept—back-horizontal
tail, more area would be required for the swept horizontal tail
plane than for the unswept tall for equal alrplsne statlc longltudinal
gtabllity at low speed. The alrplane with the swept tail would have
higher stick forces and tall drag at the Mach numbers below the Mach
number of 1lift divergence than the alrplens with the unswept tail,
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but above the Mach number of divergence the alrplane with the swept
tail would have consliderably less stick force and tall drag.

Amesg Aeronsuticel Iaboratory,
Natlonal Advisory Commitiee for Asronautics,
Moffett Fleld, Calif.
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TABLE I.~ MODEL DIMENSIORS

Unswept Swept back

Airfoll section, perpendicular Medified ~ Modlfied
to the hinge line (table I) . . . NACA 65010 TNACA 65-010

s

Sweepback of flap hings line

. (75-percent—chord line), degrees . 0 k5
Sweepback of leading edge, degrees . 16 61
Sweepback of 25-percent—chord line,

GOEIE68 « ¢« ¢ o o o s s s 0 s o . 11.5 56.5
Tail-plane ares, square feet . . . . 2,39 3.36
Span, feet « &« ¢« ¢ ¢« ¢ ¢ @ 4 4 o o 2.53 1.97
Mean aerodynamic chord, feet . . . . 1.03 1.89
Aspect ratio (based on full spen) . 5.36 2.31
Flap span slong flap hinge line,

PEOL o 4 o 4 a0 e o e b e e e e 2,36 2.36
Tail~plane root chord, feet . . . . L.k 2.68
Equivalent tall-plane tip chord,

£OOL o ¢ v o ¢ o o ¢ s o o ¢ o o o 0.45 0.73
Taper ra&td0 « v o ¢ « o o o o o o o .313 272
Root-mean—aquare chord of flap, feet <255 255

Ratio of flap chord to tall planse
chord (perpendicular to flap hinge

lirle) © a e e ¢ * 4« o & e & ¢ e o 025 '25
Teb span along teb hings line, feet Al BN
Ratio of tab span to flep span . . . .185 .185
Ratlo of tab chord to flap chord at

Inboerd end of t8b o « ¢« ¢ ¢ ¢ o« o .31 .31
Ratio of tab chord to flap chord at

tip Of ta'b . - o . . . e o e e ° 3 '19 019
Trailing-edge angle . o o « o o « 5°56" 5°56"
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TABIE ITI.~ COORDINATES IN PERCERT CHORD
FOR MODIFIED NACA 65-010 ATRFOIL.

Station Ordinate
0 o
0.5 0.767
o] .923
1.25 1.154
2,50 1.558
5.0 2,175
TS5 2.,6h2
10 .0ko
15 3.664
20 k.,ke
25 % ,500
30 L.760
35 Lk .g21
ko 5.000
45 L o962
50 k 800
55 4 512
60 L,11h
65 3.652
TO 3.115
75 2.597
80 2.087
85 1.577
90 1.066
g5 556
100 T

@

11
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Figure 2.,— Model mounted in the wind tunnel.
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Lift coefficient, Cy
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